Introduction {#sec1-1}
============

We here present a rare case of thymoma accompanied by concomitant pure red cell aplasia (PRCA) and acquired amegakaryocytic thrombocytopenia (AAMT). In this case, the hematologic disorders could be controlled with immunosuppressive therapy followed by total thymectomy.

Case Report {#sec1-2}
===========

A 67-year-old, non-smoking woman, with no remarkable disease history, visited her local doctor complaining of general malaise and severe edema of the bilateral lower extremities for 3 days. There, she received blood count and chest X-ray examinations. These examinations revealed severe anemia, thrombocytopenia, and a mediastinal shadow with calcification. She did not present bleeding tendency. Consequently, she was referred to the Department of Hematology at our hospital. On the day of admission (Day 1), the complete blood count (CBC) results were as follows: hemoglobin (Hb), 5.0 g/dL; red blood cell count, 129 × 10^4^/μL; hematocrit, 15.3%; mean corpuscular volume, 118.0 fL; reticulocytes, 1.3%; white blood cell count, 4860/mm^3^ with 46.0% neutrophils; and platelet count (Plt), 0.6 × 10^4^/μL. The blood biochemical results were as follows: lactate dehydrogenase, 290 IU/L; ferritin, 196 ng/mL; haptoglobin, 117 mg/dL; vitamin B~12~,676 pg/mL; and folate, 20.1 ng/mL. The direct Coombs test yielded a weak positive. The patient received urgent transfusion of red cell concentrate and platelet concentrate. The mediastinal shadow was examined by chest computed tomography on Day 2, which revealed a tumor, 39 × 17x60 mm in size, with central calcification ([Figure 1A](#fig001){ref-type="fig"}). The tumor was distant from superior vena cava and inferior vena cava, the cause of her edema was suspected as severe anemia. This tumor was strongly suspected as thymoma. The serum anti-acetylcholine receptor antibody and immunoglobulin levels were examined to exclude thymoma-related autoimmune diseases such as myasthenia gravis and hypogammaglobulinemia. The anti-acetylcholine receptor antibody and the immunoglobulin levels were within the normal ranges.

Subsequently, the patient was referred to the Department of General Thoracic Surgery. Bone marrow biopsy was performed on Day 3. Microscopic examination of the bone marrow samples showed that the bone marrow was hypoplastic, and megakaryocytes were scarce ([Figure 2A](#fig002){ref-type="fig"}). Glycophorin A staining revealed decreased erythroid cell numbers ([Figure 2B](#fig002){ref-type="fig"}), while myeloperoxidase staining revealed adequate numbers of myeloid cells ([Figure 2C](#fig002){ref-type="fig"}). The ratio of myeloid cells to erythroblast cells in the bone marrow aspirate was 51. After excluding common causes of anemia, and despite the reticulocyte count seeming higher than that normally observed in PRCA, the existence of thymoma and the findings of the bone marrow specimen led to a diagnosis of thymoma with PRCA. The patient's thrombocytopenia was diagnosed as AAMT on the basis of the scarcity of megakaryocytes in the bone marrow, which excluded common diseases presenting with thrombocytopenia. Because the patient had a normal white blood cell count and myeloid cell population, aplastic anemia was tentatively ruled out. Treatment for PRCA and AAMT with immunosuppressive therapy comprising cyclosporine (CYA) was started on Day 8. At this time, the patient's weight was 45 kg and her renal function was normal. Thus, CYA was given at a dose of 300 mg/day, with the appropriate serum concentration of CYA set as 200 ng/mL. Final blood transfusions of red cell concentrate and platelet concentrate were performed on Days 11 and 23, respectively. The CBC on Day 52 showed Hb and Plt levels of 9.3 g/dL and 17.6 × 10^4^/μL, respectively, which reflected appropriate stabilization ([Figure 3](#fig003){ref-type="fig"}). Total thymectomy via median sternotomy was performed on Day 71. The tumor showed direct invasion of the left lung in the left thoracic cavity ([Figure 1B](#fig001){ref-type="fig"}), and the invaded lung tissue was thus also resected. The pathological diagnosis of the tumor was invasive thymoma; the histological subtype was World Health Organization type AB ([Figure 1C](#fig001){ref-type="fig"} and [1D](#fig001){ref-type="fig"}), and it was categorized as Masao-Kakoga stage III. Postoperative radiotherapy (50.0 Gy) of the tumor bed was performed following the surgical intervention. A bone marrow biopsy was re-performed on Day 226; evaluation revealed that the hypoplasia had resolved completely, and adequate megakaryocytes were observed ([Figure 2D](#fig002){ref-type="fig"}). At this time, the CBC results were as follows: Hb, 9.8 g/dL; red blood cell count, 32 3 × 10^4^/μL; hematocrit, 30.0%; mean corpuscular volume, 92.9 fL; reticulocytes, 0.7%; white blood cell count, 2560/mm^3^ with 74.6% neutrophils; and Plt, 2.04 × 10^4^/μL. At the latest follow-up, one year after CYA was started, the patient's hematological disorders and thymoma have not recurred.

Discussion {#sec1-3}
==========

The most common cause of thymoma-related cytopenia is PRCA; approximately 2% of thymoma patients present with PRCA, and 20% of PRCA patients reportedly have a concomitant thymoma. In these cases, PRCA is thought to result from T-cell mediated damage of erythroid progenitor or precursor cells.^[@ref1]^ Immunosuppressive therapy is the most effective treatment for PRCA, while total thymectomy has been reported to be less effective.^[@ref2]^

Our case of thymoma and PRCA was further complicated by AAMT. AAMT is a rare hematologic and immune-mediated disorder. It has been reported that certain disorders involving the immune system, such as thymomas or large granular lymphocytic leukemia, can occur in combination with PRCA or AAMT.^[@ref4]^ However, the autoimmune mechanism of thymoma-related AAMT in relation to PRCA remains unclear. In addition, cases of thymoma and idiopathic thrombocytopenic purpura have also been published.^[@ref5]^ Of note, in these cases, premature platelets were destroyed by the reticuloendothelial system as a result of the idiopathic thrombocytopenic purpura, resulting in peripheral blood thrombocytopenia, which is critically different from AAMT. Limited case reports on the coexistence of thymoma, PRCA, and AAMT, a seen in our case, have been published.^[@ref3],[@ref6]^ These cases are summarized in [Table 1](#table001){ref-type="table"}. Unlike in our case, however, in which all conditions occurred simultaneously, in each of these previous cases, the diseases occurred separately, indicating that thymoma-related hematologic disorders can change over time. Moreover, some of these cases further co-existed with other autoimmune diseases, such as myasthenia gravis.

Some investigators have recommended treating with CYA for PRCA and AAMT,^[@ref9]^ but few reports have discuss the appropriate treatment strategy for thymoma complicated by these two hematologic disorders. Our treatment strategy for this patient was as follows: although total thymectomy for the mediastinal tumor suspected to be a thymoma was desirable, surgical intervention in the presence of severe anemia and thrombocytopenia was contraindicated. In addition, postponing surgical intervention was not considered a critical issue, because thymomas are characterized by lower malignancy and more indolent growth than thymic carcinomas. Therefore, we first addressed the most important issue, namely stabilization of the hematologic disorders. However, as summarized in [Table 1](#table001){ref-type="table"}, a case of thymoma presenting with myasthenia gravis and accompanied by successive PRCA, AAMT, and aplastic anemia has also been reported.^[@ref6]^ Hence, we must be aware of the possible development of aplastic anemia in our patient.

Conclusions {#sec1-4}
===========

The combination of concomitant PRCA, AAMT, and thymoma is very rare. Based on the present case, we conclude that, for successful treatment, the hematologic disorders have to be controlled before surgery for the thymoma.

![A) Chest computed tomography showing an anterior mediastinal tumor with calcification. The size of the tumor was 39 × 17x60 mm. B) Surgical view of the anterior mediastinum in the left cavity. There is direct invasion of the left lung by the tumor. C) and D) Microscopic images of the tumor (hematoxylin and eosin stain, high-power field). The final diagnosis was invasive thymoma, with a histological subtype of World Health Organization type AB. The type A area is shown in (C) and the type B area in (D).](hr-2016-4-6680-g001){#fig001}

![Histopathological images of the bone marrow. A) Bone marrow biopsy section, obtained on Day 3 after hospital admission, showing hypoplasia and scant megakaryocytes (hematoxylin and eosin stain). B) Glycophorin A staining revealed decreased erythroid numbers. C) Myeloperoxidase staining revealed adequate numbers of myeloid cells. D) Repeat bone marrow biopsy section obtained on Day 226 revealed that the hypoplasia had resolved, and many megakaryocytes can be seen (arrow) (hematoxylin 6. and eosin stain).](hr-2016-4-6680-g002){#fig002}

![Behaviors of hemoglobin and platelets from the time of admission to thymectomy. The black and broken lines indicate hemoglobin (g/dL) and platelets (x10^4^/μL), respectively. The arrows indicate the blood transfusion of red cell concentrate and platelet concentrate. CYA: cyclosporine.](hr-2016-4-6680-g003){#fig003}

###### 

Published cases of combined thymoma, pure red cell aplasia, and acquired amegakaryocytic thrombocytopenia.

  Author (year)      Disease progression (past \> recent)                Therapy for thymoma                                             Immunosuppressive therapy for PRCA and AAMT                 Other autoimmune
  ------------------ --------------------------------------------------- --------------------------------------------------------------- ----------------------------------------------------------- ------------------------------------------------------------------
  Maslovsky (2005)   MG \> Thymoma and PRCA \> AAMT \> Aplastic anemia   Partial tumor resection and chemotherapy                        Steroid before therapy and chemotherapy (details unknown)   MG (10 years before PRCA); Aplastic anemia (one year after PRCA)
  Cho (2010)         Thymoma \> PRCA and AAMT                            Thymectomy                                                      Steroid before thymectomy                                   None
  Gay (2014)         Thymoma \> Thymoma recurrence \> PRCA and AAMT      Thymectomy for the primary tumor, chemotherapy for recurrence   CYA, corticosteroid, and antithymocyte globulin             None
  Fujiwara (2015)    Thymoma and PRCA \> MG \> AAMT                      Chemotherapy followed by radical resection                      CYA after the onset of AAMT (before surgery)                MG (during chemotherapy)
  Our case           Thymoma, PRCA, and AAMT (simultaneous occurrence)   Thymectomy                                                      CYA before thymectomy                                       None

PRCA: pure red cell aplasia, AAMT: acquired amegakaryocytic thrombocytopenia, MG: myasthenia gravis, CYA: cyclosporine.
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